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Abstract

The creationof parametestudysuiteshasrecentlybecomea morechallengingproblemasthe parametestudieshave
becomemulti-tieredandthe computationaenvironmenthasbecomea supercomputegrid. The parametespacesre
vast,theindividual problemsizesaregettinglarger, andresearcherareseekingto combineseveral successie stages
of parameterizatiomnd computation.Simultaneouslygrid-basedcomputingoffersimmenseresourceopportunities
but at the expenseof greatdifficulty of use. We presentLab, anadvancedgraphicaluserinterfaceapproacho this
problem. Our novel stratgy stressesntuitive visual designtools for parametestudy creationand complex process
specificationandalsooffersprogramming-fre@ccesso grid-basedupercomputaesourcesandprocessautomation.

1 Motivation and Background

Only a decadeago,the solutionof the partial differentialequationgequiredfor the evaluationof aerospaceehicle
flow-fields typically involved a single discretizationzoneand was performedon a single processoof a high-speed
computeenginethatwasusuallysituatedlocally. Thesecomputetaskswereso costlyin CPU cyclesthatthe notion
of performingparameteistudieswas usuallyignored. Now, however, the flow-solversare typically parallelcodes,
andthe problemsto be solved involve large numbersof interrelateddiscretizationgrids. The computeenginesare
frequentlylarge parallelmachinesvith multi-gigabytememoriesandterabytedisk farms.Researchersave available
theresourcesot only of their own laboratoriedut alsothoseat othercomputercentersvhich areaccessiblevia fast
networks. Parametesstudiesarenow quite feasibleandarebeingperformedon a regular basisby mary researchers
who requiresolutioninformationthroughouta given aerospaceehicleflight regime. The difficulties, however, have
shiftedto the manualcreationof theseparametestudiesandto tasksassociateavith launchingandmanaginghelarge
numberof jobsrequiredby thesestudies Modernaerospacélow-solversfrequentlyrequirelarge setsof discretization
grids which describethe geometryof the aerospaceehicle. Subsequentlythesesolvers produceas output large
collectionsof datafiles. Currently most parameterstudiesare performedwith two-dimensionaflow solvers, but
researcherarestartingto usethree-dimensionalolversfor their parametrieexperiments.

Recentdevelopmentsn grid-based'metacomputing’suchasGlobus[1]. andLegion[2] have createdopportuni-
tiesfor runningparametestudieson remotenetworked high-performanceomputesenerswhich constitutea shared
resourceor participants.But theseopportunitiescomeat a price: the proliferationof job control language (JCL) to
supportthesecapabilities. This hasplacedan onuson usersof thesemetacomputingyrids who aretypically engi-
neeringandresearctcodeusersbut who arenot generallywell preparedr enthusiasti@boutlearningor creatingthe
requisitecontrol languagescriptsfor managingdistributedparametestudies.NASA is currentlybuilding a national
metacomputingnfrastructuregcalledthe “Information Power Grid” (IPG)[3]. ThelPGis intendedto provide ubiqui-
tousanduniformaccesgo awide rangeof computationalcommunicationdataanalysis andstorageesourcesmary
of which are specializedand cannotbe replicatedat all usersites. At this time, however, the interfaceto the IPG is
still underdevelopment.



We briefly describehe notionof a “parameteistudy” by giving two generalkexamples.Simulationcodesproduce
resultswhich arethe solutionto a scientific or engineeringporoblemdefinedfor somesetof values(“parameters”)
which arethe input to the codeandwhich definethe original problem. Varying theseparametersypically produces
differentresults. Varying theseparametershroughsomespecificrange(the “parameterspace”)will yield a setof
resultsdescribingbehaior in this parametespace.lt is this family of relatedresultsthatare sought;this is calleda
“parameterstudy” (sometimeswritten as“parametricstudy”). As a secondexampleof a parametestudy we point
to Monte Carlo simulations.Monte Carlo coderunstypically mustbe repeatedsomesubstantiahumberof timesin
orderto be ableto accumulatesufiicient datato be statisticallymeaningful,i.e., the resultsmustbe accumulatednto
ensembleaverages. This too, then, can be considereda type of parametestudy wherethe parameteto be varied
merelyis the seedfor randomnumbergeneration.In this case though,the parametervarieddoesnot actually have
ary significanceasa physicalparametepf theproblem.

Theendproductof creatingandlaunchingparametestudiess typically alarge suiteof resultfiles which mustbe
postprocessednd/ormovedto someform of long-termstorage.Furthermoreparametestudyusersmustbe ableto
keeptrack of theseresultsandlog into a scientificdiary suchparticularsasnatureof the solved problem,locationof
theresultfiles, historyfor theindividual runs,andary otherassociateéhformation. Beingableto easilyrecreateand
thenmodify the parametestudyis alsoanimportantneedfor mary users.

As aresultof theseconcernsye undertookto determindf thereexisteda parametestudycapabilitythatfulfilled
the needof usersat NASA AmesResearctCenter The only tools that seemedapplicablefor thesetaskswerethe
historicallyrelatedClustorandNimrod codeg5]. We testedandsuneyedthe capabilitiesof thesetools. Both Clustor
andNimrod were ableto generateandlaunchsimple parametestudies. They alsoimplementedan internal“meta-
languagefor describingparameteistudy creation. Additionally, they madeit easyto parameteriz&ommandline
arguments.

However, thesetoolsdid not fully meettherequirement®f our users.Someof theserequesteatapabilitiesareas
follows. Usersmusthave accesgo multiple job submissiorervironments. Theseusageernvironmentsmustinclude
ary combinationof PBS[6], LSF [7], MPI, Globus,Condor[8], andLegion. Also, usersrequirethe ability to create
whatwe call “multi-stage” parametestudies(a detailedexampleof thisis givenin section7). Usersalsoneeda “fire-
and-foiget” capability i.e., oncethe parametestudy suiteis created,t shouldbe possibleto initiate job launching
andthenshutdown the parametestudytool entirely. We requiredthatjob submissiorshouldcontinueautonomously
andwithout the continuedpresencef the parametestudytool. Usersalsorequireafairly comprehensielevel of job
auditingandscientificdiary capability which we seeasthe secretariakide of a problemsolving environment(PSE).
Onthedevelopmentside,we neededo designa parametestudytool thatcould be easilyextendedusingavery high
level rapid-prototypindanguaggsuchasPerl). Thisis becauseve ervision usingthetool asatestbedor experiments
in parametestudycreationmodels job submissiormodels,andcomplex processpecificatiormodels.We alsoneed
to beableto usethetool to generateshellscriptsdesignedor parametestudyjob submissiorandfor complex process
job submissior(visualscripting). It is essentiathatthe scriptgeneratiorprocessevery flexible.

2 Problem Definition

Creatingandlaunchingparametestudieswithout the assistancef automatingtoolsis laborious,tedious,anderror
prone. By briefly examiningthe stagesequiredfor this task,we will be ableto discernthe natureof the inherent
problems. The first taskin this processs to createthe setof parameterizednput files which incorporatethe sets
of valuesrepresentinghe parameteistudy Theseparametewalue setsare a Cartesianproductof the individual
setsof valuesover which eachof the parameter®f interestvary. As such,the total numberof combinationgthe
parameter space) canquickly getto bevery large, andcreatingthesesetsof input files manuallyis time-consuming
anderrorprone.Eachof theresultantnputfiles representa userprogramrun. Launchingthesgobsinvolvessetting
up partitionedfile spacedn which thesejobs canbe run, supplyingeachof the runswith all requiredinput files,
submittingthe jobs, andthen monitoringjob progressand managingthe outputfrom theseruns. We have adopted
the policy thatall of thesefunctionsmustbe automatedandintegratedinto a single GraphicalUserInterface(GUI);
this was our first designrequirement. Our seconddesignrequirementwvas that of extreme simplicity of use. We
believe thatusersarevery sensitve to ease-of-uséssuesandthatthey will ultimatelyavoid processautomatiortools
thataredifficult or non-intuitive in use. The third designrequirements thata parametestudytool mustbe ableto
automaticallyself-documenthe actionsit performs.If it cannotdo this, userswill very quickly be miredin amorass
of hundredsgven thousandsoef old runswhoseorigin and purposeare no longerobvious. This thereforeforcesa



completeparametestudytool to be part PSEand part scientificdiary. The fourth designrequirements that of job
submissiorflexibility in a scientificcomputatiorervironmentthatis currentlyin flux. Thisis becauséGrid-based”
computinghasaddednen complexities andnew layersof JCL to thetaskof submittingjobs. ILab meetsall of these
four userrequirements.

3 BasicAssumptionsand Requirementsfor Distrib uted Processing

We have startedwith two basicassumptionaboutNASA's distributedcomputingenvironmentinto which jobswill be
launched.The first is the needto maintainproductionlevel capability This hassignificantimplications,becausell

compute-intensie applicationprocessingnustoccurunderthe agyis of ajob scheduleandqueuingsystem.Modern
computercentersrequirejobs to startthrougha schedulebecausery other mannerof submittingto sharedcom-
putationalresourcesvould violate “good neighbor”policy. The secondassumptioraboutour distributed computing
ervironmentis thatit shouldbe ableto leveragethe Globus metacomputingniddlewarecurrentlybeingdevelopedat
ArgonneNationalLaboratory It mustalsobe possiblefor parametestudyusersto be ableto bypasghe Globuslayer
andstill submitjobsinto a distributedenvironment.This hasresultedin a GUI designwhich incorporateseveraljob

modelsfor spavning parametestudiesn a distributedfashion.

4 |Lab: ThelPG Virtual Lab

We describehe moreimportantfeaturesof the ILab parametestudytool. In particular we will discusshe parame-
terizationoperationsaandalsosomeaspect®f theinternalcodingdesign.

4.1 Parameterization of Program Input Files

In orderto minimize the difficulty of building a setof parameterizednput files, we have createdwithin ILab an
integrated,special-purposéext editor. This editor, in fact, hasunusualediting capabilities:it functionsexclusively
to allow the graphical selectionof the appropriateparametedatafields and allows the userto designatehe set of
valuesfor eachof the candidateparameterizedields. This parameterizeis depictedin Figurel. The valuesetscan
be specifiedeitherasa list or by min/max/incrementDuring this processthe userfirst selectghighlights)with the
mousethoseASCI! text fields within the input file which will be parameterizedin Figure 1, “beta” and“reynum”
(known to ILab asParameterland Parameter2have alreadybeenparameterizedtheir value setsare displayedin
the left window. Currentlythe useris specifyingthe third parametein the “Set ParamValues”dialog. If several
fieldsmustbe parameterizeth tandem(example:multiple occurrencesf, say “timestep”for eachof severalrelated
discretizatiorzoneinput files), they canbe selectedat this stageand parameterizeih unison. After text selectionof
the appropriatdfields, the userentersa list or rangeof valuesfor the selectedields. Lastly, the setof parameterized
inputfilesis generatedThesefiles constitutean n-dimensionalCartesiarproductof theindividual parametesets.As
a simpleexample,if threeinput valuesareto be parameterizeda 3-dimensionaparametespace)the first with the
setof values{1, 2, 3,4}, the secondwith {hello, goodbye}, andthe third with {3.14,2.718,1.618}, thena total of
4 x 2 x 3 = 24 parameterizefiles will be produced.

Becausehe file parameterizeis integratedwithin the ILab GUI and becausets useis intuitive, the processof
parameterizatioof theinputfiles hasbeenmadequitetrivial. Additionally, a“most-recently-used{MRU) capability
savesthe currentparameterizatiostatefor futurereferenceandfor re-useor modification.

4.2 Job Masking Capability

Oneof thenecessitiesf aparametestudyprogramis to provide “masking” capabilityfor asetof parameterizethput
files. Usersrequirethis ability sincethey know thatcertainparametecombinationswill produceanunsuccessfuiun
of the scientificprogramunderconsideration.Typically, they wantto specifycombinationsof parametewaluesthat
will be excludedfrom the setof input files and their associatedcriptfiles. ILab’s “Edit Parameters’screen- the
specialpurposeeditor describedn section4.1 - hasa pop-updialog dedicatedo this purpose.Userscanenterary
numberof maskingrules,andeachrule mustspecifytwo or more parametecomparisonsFor example,if the user
is varying ParameterXrom 1 to 10, andParameterdrom 55 to 75, andwantsto excludethosecombinationsvhere
Parameteris greaterthan9 andParameter2quals60, the maskingrule would be enteredas:



Figurel: ILab parameterizatioscreen

Paraneterl > 9 && Paraneter2 == 60

This syntax,which is the samein Perl, C, C++, and Java, was chosensinceusersare likely to be familiar with it.
The namesParameterland Parameter2are assignedn orderby ILab to the valuesbeing parameterized(lLab, of
course hasno way of knowing the actualnamesof parameterén the users input files sincethereis no requirement
thattheinput have labeleddata.In the examplein Figurel, it justsohappenghattheuseris parameterizing Fortran
“namelist” file with labeledfields, but ILab itself only requiresthat the input be ASCII.) By using Perl's “eval ”
function,we caneasilyinterpretthe above rule with minimal parsing,anduseit to deletejob objectsfrom the users
list of experiments.

4.3 Coding Model and LanguageChoice

We have chosento constructour ILab GUI usingPerl5andthe Tk userinterfaceconstructiontool kit. In addition,

we have usedthe Perl generationcapabilitiesof the “SpecTcl” Tk GUI generationIDE [9], a free software tool

available from Sun Microsystems. Our choiceof Perl5wasbasedon its strongcharacterstring manipulationand

built-in regularexpressioncapabilities stronglist and sortableassociatie-hashtablelatatypesandits simple-to-use
object-orientedeatures Also, Perlis relatively ubiquitousandis amongsthefastesinterpretercommonlyavailable
today Altogether thesefeaturesmalke Perlanexcellentchoicefor true rapid-prototyping.Thoughwe cannotexactly

quantify the savings in the coding effort, we believe, basedon prior experiencesthat the equivalentfunctionality

would requiretwo to threetimesasmuchC++ or Java.

4.4 Object-Oriented Data Structur esand Strategies

We usedPerl“packages’{theequivalentof classesn C++andJava)to holdall ILab data,bothpersistenandtransient.
Figure?2 depictsthe datastructureshierarchy An Exper i nent packageholdsall persistentiata:this datais serial-
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Figure?2: ILab datastructures

ized (written en masse, retainingdatastructurehierarchiesjo andfrom disk with the useof Perl's Dat a: : Dunper
module. In orderto reducethe size of the Exper i ment packageseveral otherarraysof packagespportiondata
that hasto be heldin lists or arrays: a Par anFi | e packagefor eachinput file to be parameterizeda Par am
Dat a packagedor eachvariablethatis beingparameterizeth eachinputfile, anda Job packageo hold run-specific
data.Par anfi | e andPar anDat a hold file- andvariable-specifidatawhile the Experimentis beingcreatedand
edited.In orderto run ausers parametestudyExperimentalist of Job packagess createdsomePar anti | e and
Par anDat a datais transferredo Jobpackagesandadditionaldatais added.The organizationof datain Par anmt
Fi | e andPar anDat a is “orthogonal” to the way the samedatais organizedin the array of Job packagesthis
simplifiesscriptcreation,submissionandmonitoring. Essentiallydatais in arraysof arraysduring editing/creation,
while during submission/monitoringhe samedatais flattenedout into a one-dimensionaarray of Job packages.
Both setsof dataareserializedvhenanExper i nent packages serialized.

Eachwindow or dialog box is alsoa packagewhich holdstransientdata: userinterfacereferencesand dataas
necessaryandalso“mirror” portionsof the currentExper i ment data.This duplicationof datamakesit easierand
morerobustto edit previously enterediata,sincea usercanmake changesndthencancelthechangesvithout having
to restorethe original data. Anotherimportantadvantages gainedfrom the “mirror” and“orthogonal” approaches:
the trade-of is more data,lesscode. Problemsin the dataare easierto fix than problemsin the code, sincethey
are easierto find, so dehuggingis easierandfaster Dehuggingis alsofacilitatedby the following stratgies: (1)
eachpackagehasa “dump” function to print out all variablesand (2) eachpackageerrortrapsthe settingof ary
variableinsidetheset portionof aget/ set function.A caveatis appropriatéehere:dataduplicationis by nomeans
a good or dependablestratayy, unlessit is closely integratedwith codedesign. This integration meansconstantly



reviewing the datamember=f packagesandmoving datamembersasappropriatén orderto avoid inconsistencies
andincoherencief the packagedesign.

As much as possible,we avoided the use of inheritance,sincewe want to keepthe codestructuresimple and
intelligible. Someof ILab’s dialog packagesrederived from existing Tk packagesbut this derivationis only one-
level deep,andis fairly transparentTheonly datastructurethatneededo useinheritanceds our JobModel package,
sincethefollowing conditionsaretrue: (1) we have several“job models”already andthey have enoughsimilarities
and differencesto justify the existenceof a baseclassand (2) more derived job modelswill needto be addedin
the future, aslLab is expandedto accommodatenore meta-computingrvironments. The variousjob modelsare
describedn section5.

Perlis well-knawn to be a highly flexible language We wereableto furthersimplify our package®y namingthe
packagemembersandtheget / set functionsby thesamenamessincethePerlinterpretedistinguisheshevariable
from thefunctionby thecalling syntax;thevariableis $r ef er ence- >{ nane} , andthefunctionis $r ef er ence-
>name. NotethatPerlalreadymalkesit easyto collapseget andset functionsinto onefunction,sothatonly one
functionaccompaniesachdatamember

Hereis anexampleof this shotgurapproachn ourJob packageshowving thenew (constructorfunction,two data
members(Jobl DandSt at us) andtheSt at us (get / set ) functionassociateavith the St at us datamember:

package Job;

sub new {
ny $class = shift;
ny $self = {};
$sel f->{Jobl D} = undef;
$sel f->{Status} = 'NotStarted ;
bl ess $sel f, $cl ass;
return $sel f;

sub Status {
# Only allow one of six strings for this field
ny $self = shift;
ny $tenp = $_[0] if @;
if ( defined( $temp ) ) # set the variable if an argunent is passed in
{
if ( $tenp eq 'NotStarted ||
$tenp eq ' Queued’ |
$tenp eq ' Runni ng’ [
$tenp eq ' Stopped’ |
$tenp eq ’Failed |
$tenp eq 'Done’ )
{ $self->{Status} = $tenp; }
el se
{ print "attenpt to set job status to illegal field = $tenp\n"; }
}

return $sel f->{Status}; # always return the variable for get function

}

Overthecourseof alargeprogramthis“same-nameimodelreduceshenumberof occurrencegvheretheprogrammer
hasto referenceanothemartof the codeto make surethatnamesarecorrect.

For thoseof our packageshat needto be madeinto basepackagegfor derivation of mostly similar but slightly
differentpackages)ive extendthe object-orientecpproactby puttingthe packagevariablesinto a“closure”, thereby
makingthesedatamemberdessaccessibléo programmingusersof the baseclass.



5 Job Models

In this sectionwe will describethevariousjob modelsthatiLab currentlysupportsn orderof increasingcomplexity.
The simplestof thesemodelsrepresentsn entirely local capability i.e., all jobs resultingfrom the creationof the
parametestudyarealsosubmittedor computatiorontothelocalmachine Thesgob runsoccurwithouttheassistance
of ary schedulerbut mayinclude a paralleljob launchersuchas“mpirun”. ILab generates singleshell scriptfor
eachrunin the parametestudy Eachshellscriptconstructsa maindirectoryfor the parametestudy (if onedoesnt
alreadyexist), andthenbuildsits own subdirectoryuniquelynamedwith anautomaticallygenerategharameterization
identifier Filesrequiredfor inputby theusers executablearecopiedinto therespectie subdirectoriesTheexecutable
is thenstarted.Becausano scheduleis assumedjobs arerun sequentiallyto avoid oversubscribinghelocal system.
This is accomplishedy chainingthe shell scripts,i.e., the first shell script doesits work andthensubmitsthe next
scriptin the chain,etc. Note thatthis submission-by-chainingroceedsvenif thereis a failure of othercommands
(e.g.,theusers primary computeexecutablewithin the scripts.

The secondob modellaunchegobs ontoa clusterof machineqwhich mayincludethe originatingmachine)on
eachof which the userhasanaccountandan appropriatée'.rhosts” file. Eachjob is implementedwvith a pair of shell
scripts,thefirst of which remote-copiegvia Unix “rcp” command}he secondscriptto the remotelocationandthen
executeqvia Unix “rsh” command}his scripton the remotemachine.lt is the secondshell scriptthatdoesthework
of organizingand creatingthe directorylayout on the remotehost,andwhich thenstartsthe chainof computation.
This job modelis currentlyin a sub-optimaktateof developmentecausét makesno useof schedulersWe have not
built in any mechanisnfor limiting the numberof concurrentlyrunningjobson ary individual resourceThisimplies
thattheindividual computeresourcesnay becomeoversubscribedWe areplanningto adda non-schedulebasedob
“limiter” into this job model.

Thethird job modelis similarto thesecondexceptthatthepresencef aschedulers assumedwWhenthescheduler
is PBS, thefirst shellscriptsubmitsto the schedulea script containingPBSdirectivesfollowedby shellcommands.

Thefourth job modelassumeshatthe Globus metacomputingniddlewareis usedfor remotejob submissiorand
file manipulationandthata job schedulePBS)is usedfor queuingandstartingjobs. The remotescriptis similarto
thatof thethird job model.

Notethatnoneof the above shellscriptsneedto be provided by the user;all necessarghell scriptsareautomati-
cally generatedby ILab duringthe scriptgeneratiorphase In eachof the above casesa paralleljob loader(currently
MPI is supportedmay be specified.

Notethatcurrentlyfiles arenot cachedontothe remotesystemsat the time of job submission We have assumed
thatuserswill be submittinginto a productionlevel ervironment,andthat routing througha job schedulewill be
requiredby the computercenteradministrator This implies that the third and fourth job modelswill be the most
heavily used. The typical usagescenariois that a suite of jobsis submittedthrougha schedulerand, assuch,the
computeresourcewill be sharedwith otherusers. Thusthe total time for the entire parameteistudy to complete
will typically be numberedn days,not hoursor minutes. This is basedon our experienceat NASA researctcenters
andon our knownedgeof the typesof parametestudiesusersare contemplating.Furthermoreuserswill typically
be submittingtheir jobs to run on volatile scratchfile systems.This is a commonrequiremenisincemostmodern
computercentersdo not make availableto usersenoughpermanentile-systemspaceto accommodatéhe input and
outputfiles of substantiabarameteistudies. Cachingof files is thereforerisky sincethereis no guaranteehat by
the time an individual parametesstudyjob is startedby the scheduletthat cachedinput files will not alreadyhave
beenpurgedby a periodicfile scrubberlt is unrealisticto expectotherwise.However, we have deviseda methodfor
cachindfiles only whenjobsfinally start. This includesa methodfor guaranteeinghat (1) only oneprocessanbe
copying aninputfile to a cachesothatthereis no clobberingduringthe procedurgthisinvolvesa lock file duringthe
cachingprocesspnd(2) thatfiles which werepreviously cachedput thensubsequentlygeletedby a scrubbemill be
re-cachedn demandy theclientjob. We will beaddingthesecapabilitego thethird andfourth job models.

Finally, a few wordson the advantagego utilizing shell scripts. We have taken the positionthat Unix shelllan-
guagesarethe “lingua-franca” of Unix JCL. Our choiceis the Korn shell [10] “ksh”, which is a highly expressve
languageor constructingsequencesf commandsandfor errortrappingthem. With the Korn shelllanguageback-
groundprocessesnd“co-processes{backgroundorocesseshat cancommunicatewith the parentprocessmay be
easily created.Processemay alsobe easily monitoredand subsequentikilled if necessaryAnotheradwantageof
usingshellscriptsis thatthey may; if desiredpeinvokedindependentlypf the GUI. Thereis norequirementhatonly
the ILab GUI canstartuserprocessesFurthermore thoseuserswho wish to may independentlymodify the shell
scriptsfor their own purposes.The shell scriptsare therefore“recyclable”, if desired. Sincethe commandsn the



scriptsareinterleavedwith outputstatementshesescriptsleave arecordof their workings,whichis usedasalog.

ILab may; in part,bedescribecisa GUI thatcollectsinformationonthelocationsof theusers executableandinput
files, andthenassembleshe appropriateshell scriptsfor runningthis executable.Thus,an additionaladvantageof
usingshellscriptsis thatit is fairly easyto changexistingjob modelsor addnew ones.Thisis accomplishedimply by
modifyingthegeneratingodewithin ILab. In orderto simplify theadditionof futurejob modelsto ILab, we usedthe
objectinheritancecapabilitiesof Perlto createa baseJobMbdel packageandseveralderivedJobMbdel packages
(Local JobMbdel , d obusJobModel | etc.). New derivedjob models,e.g. for the metacomputingrvironments
CondorandLegion, canbe easilyinsertednto the existing framavork. Additionally, asa specialcaseof creatingand
launchinga parametestudy; it is possibleandeasyto usellLab to launchsinglejobsruns(i.e., a singletonparameter
study)into alocal or remotecomputeervironmentthatmayrequireary of Globus,PBS,and/orMPI. Thus,ILab may
beusedsimplyasaUnix JCL scriptgeneratofor launchingsinglejobs,greatlysimplifing thelaunchingprocessThis
is especiallytruein the casewherea job will berun on aremotesystemandrequiresthe migrationof input files and
executable.

6 Parameter Study Example - a CaseStudy

Until recently parametestudiesof aerospaceehicleflow characteristicsypically utilized two-dimensionatompu-
tationalfluid dynamicg CFD) solvers. Thiswaspartly dictatedby limitationsin the availablecomputeresourceshoth
in termsof CPU time andmemorysize. Recently however, becausef theincreasedwailability of multi-processor
parallelmachineswith multi-gigabytememoriesjt hasbecomefeasibleto createparametestudiesbasedon three-
dimensionalCFD codes. Neverthelessthe natureof the currentgenerationof aerospaceehicle flow solvers still
malkesthe overheador suchlarge parametestudieshigh. As anexample,we chosethe Overflow three-dimensional
Navier-Stokesflow solver [11]. This modernCFD codeimplementghe oversetgrid method(overlappingcurvilinear
grids exchangeinterpolatedboundaryinformationat eachtime-step). The MPI parallelversionof Overflow groups
neighboringgrids for solutiononto individual processorsWe appliedthe Overflow codeto the solutionof the flow
field of the X38 Crew ReturnVehicle (CRV), aNASA spacevehicledesignedasan astronauescapgod potentially
for theinternationakpacestation.Figure3 depictsthe X38 CRV andsereralof thebody-fittedcurvilineargridswhich
defineits surface. The geometryof the X38 CRV is definedby 13 curvilinear body-fittedgrids and 115 off-body
grids(which arestrictly Cartesiarin topology). This grid systemcontainsapproximately2.5 million pointsandsince
the Overflow coderequiressome40 double-precisionvordsof memoryper grid point, this resultsin a total memory
requiremenperrun of approximately800 Megabytegerrun.

Figure3: X38 Crew ReturnVehiclewith seseralof its computationabody grids

We choseto createa 16 x 12 parametestudyfor two significantflow variablesin a portion of the glide regime
of the X38: Mach number(basically the vehiclevelocity) and Alpha (the “angle-of-attack”). This resultsin a two-
dimensionaparametricstudyconsistingof 192 runs.Eachrun for the X38 vehiclerequiresfour processors.



Usingthe ILab tool involvesthe following steps.First, the usermustsupplya nameanddirectoryfor his “exper
iment”, which is wherethe recordsfor this parametestudywill be kept. Then,the namesof the local andremote
machineson which therunswill occurmustbe supplied.Next, aninputfile directoryis namedandtheinputfile(s)
to beparameterizedrespecified At this stage the parameterizablaputfile will bedisplayedn the special-purpose
parameterizingditor The userparameterizethis file asdescribedn section4.1, andthe 192 parameterizethput
filesarecreated Next, the useridentifiesthe executablenameandlocationandalsoadirectorynamein which therun
subdirectoriesvill be locatedon eachof the executingmachinesOptionsfor specifyingMPI, Globus,andPBS,and
numberof processorgfour perrun, in this case)areset. At this point, the appropriateshell scriptsaregenerate@nd
theninitiated. This entireentry procesdakesunderfive minutes.However, if startingfrom a previousexperiment,an
MRU file may be selected.lLab permitsthe userto make appropriatemodificationsto the MRU file usingthe same
entry widgetsthatareusedto createa new experiment. For casedik e thatdescribedabove, it usuallytakesundera
minuteto createandstartanentireparametestudy

In our experimentsfwo machinesvereselectedor runningthe jobs, eachof which supportedMPI, Globus,and
PBS.The scriptsthat were generatedy ILab conformedto our fourth job model. ILab thensubmittedall jobs to
the PBSqueuesn the selectednachinesandover the next 24 hours(approximately)all jobs completed.Fromthe
resultingsolutions,we computedorcesandmomentsfor the X38 CRV, andfrom these we constructeda plot of the
coeficient of lift overdrag(Cl/Cd)for the vehicle. Thisis displayedn Figure4. Every pointin thelatticerepresents
acompleteflow solution.
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Figure4: Coeficientof lift overdragfor the X38 CRV

7 CAD Tool ProcessSpecification

Currently all informationdescribingthe users processs collectedthrougha seriesof previous-and-ngt-wizards,
which guide the userthroughthe processspecificationprocedure. Thoughthis modelis acceptabldor singlestage
parameterizationst quickly becomesnadequatdor specifyingcomplex userprocessesThesecomplex processes
may includeseveral stagesf parameterizatiorpre-andpost-processingf data,archving of data,resubmissiorand
restartingof userprograms feedbackioopsto accommodatenultidisciplinary optimization,etc. Currently we are
building a visual capabilityfor complex processspecificatiorwhich will be an alternatve to the wizard mechanism.
Thiswill consistof a CAD tool for constructinga data-flav diagramwhich describeshe users setof processesThe
userwill be ableto constructthis diagramby choosingindividual processlementiconsfrom a paletteandplacing
themin the diagramby drag’n'drop mouseoperations.This paletteof iconswill representhe basicprocessuilding
blockssuchasinput file parameterizationmoving, copying, or renamingfiles, runningan executable etc. At each
nodeof thediagramaright mousebuttonclick will pop-upanappropriatalialogthatwill querytheuserfor thedetails
requiredfor thatparticularoperation.Internally, adirectedgraphrepresentinghe entiresetof processes theusers
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Experimentis createdg.g.,a parameterizatiofollowed by the executionof a simulationprogram,thenfollowed by
the executionof post-processingrogram(s)andarchving. Subsequentlthis directedgraphis interpretedandthe
requiredindividual shell scriptsare constructedrom the information storedat eachnode. The constructionprocess
consistsof assemblinghe requiredshell scriptsfrom macros,which in this caseare small groupsof ILab-provided
shellcommandshat performthe operatiorthe userhasrequested.

Figure5 depictsanexampleof a multi-stageparameterizatioprocessin thefirst stage jnputto a grid generation
program(Gridder)is parameterizedesultingin threeinputfiles. After runningthe grid generatorthreegrid systems
have beencreated Thesegrid systemsawill be partof theinputto aflow solver (Solver), aswill aflow variablesnput
file. It is this flow input file which is subjectedo the secondstageof parameterizationln the figure, a four-way
parameterizatiomasbeenapplied. Eachof thesefour flow input files mustbe replicatedthreetimesto be paired
with thethreegrid files, andeachof the grid files mustbe replicatedfour timesfor pairingwith the flow input. The
resultis essentiallya two-dimensionaparametestudy (3 x 4), but it hasresultedfrom two independenstagesof
parameterizationThis addsa higherdegreeof complexity to theusers processandconsequentlyto the mechanisms
requiredfor assemblingandrunningthesegobs. It is, in part, for this reasorthatwe areconstructinga morepowerful
userinterfacemechanisnfor specifyingandcreatingparameterizatioprocesses.

Summary

Theneedsof our usercommunityhave triggeredthe developmentf ILab, a flexible parametestudycreationandjob
submissiortool. This modernGUI implementsa modularexperimentalworkbenchfor programmingresearchinto
local and remotejob submissiomrmethods,complec userprocessspecificationtechnology and for experimentation
with IPG middleware.Our choiceof Perl/Tkasa rapid-prototypingdevelopmenianguagestronglyfacilitatesexperi-
mentationandanticipatedurtherexpansionof the coreuserGUI capabilities.We have provenour ILab productwith
significantparametestudy computationsn a distributedernvironment. We are currentlyworking closelywith users
whoseparametestudyrequirementsiredemandingWe areaddingthesenew capabilitiesto ILab usinganadwanced
CAD-baseduserinterfacetechnology
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